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APPARATUS AND METHOD FOR COM PENSATING 
A RASTER SCANNER FOR COMPONENT DEFICIENCIES' 

This invention relates to apparatus and method for compen- 
sating a raster scanner for component deficiencies, and particularly for 
compensating image signals produced by the scanner for deficiencies in 
scanner Qlumination and optical components. 

In raster scanners employing one or more scanning arrays, the 
Ught received by the array or arrays may be irregular, or non-uniform across 
the scan Une. Such irregularity and non-uniformity, the spatial frequency of 
which is low, may be due to inherent scan lamp characteristics and profile, 
irregularities in the lamp reQector surfaces, vignetting of the image rays, 

refractloh ariargejpd angles,, etc. As a result) the output of the light 

-sensor^ 4r "^^^^tYve' elem entst thaV comprise the scanning array or 
arrays may not Wat a uniform level andhence:wiU no^ necessarUy give an 
-accurate i^jdic^tjon of the relative aiumination of , the image portion 

scanhed. : 
> i i :T.>in this bortitext,, it will^ be .understood ...that- the signal output of 

- f :thr;Vrisorf ^i^^iPij-a^^^ influenced by the amount of illumination 
^ -received from'^exaLd^rient being 'scanned. This in turn is influenced by the 
amount of illumination . applied to -the-doc^ument by the scan lamp, and the 
,cefficacy of the (jptsWl syst^"'in- transiriitiing the image rays to the array. 
• "Where the Qlliminationlevel ,is not. consistent across the scan line, and or 
where opUcal systeni- transmission is not uniform, substantial differences in 
■ the siinai levels generated by the various sensors of the array can occur 
with resulting image degradation and inaccuracy. 

m a similar vein, the arrays may have sensors that are 
defective. Often this results from deficiencies in the manufacturer's quality 
control procedures brought on in part by the desire to pack as many sensors 
or photosensitive elements as possible on the smallest sized chip. Indeed, in 
some present day arrays, the number of sensors -on the chip exceeds 1700. 
Since the cost of scanning arrays is still relatively high and the job of 
physically replacing an array, particularly in the field where the necessary 
optical alignment instruments and knowhow may not be available, difficult, 
it would be highly advantageous to be able to use arrays with defective or 
below par sensors rather than replace them. 
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In another aspect, it can be understood that the several 
components that make up the optical system, i.e. the platen on which the 
original image to be scanned is .placed, the lens or lerises, -and mirror or 
mirrors may also have or in use acquire sUght defects of damage, typically 
scratches. As in the case of a defective scanning array, it would be highly 
advantageous to be able to use the slightly damaged optical part without 
going to the expense and trouble of- replacing or refurbishing the affected 
part-' • : •, 



"^^^ as claimed is intended to provide a remedy by 

compensating for variations In light: to which individual image sensors of a 
scanning array are subjected, and bypassing" array sensors that are 
defective. .A. separate test^signal from each^sensor in the array is produced 
by scanning a test image of predetermined opticaPdensity,- the sensors are 
segregated into groups,. each group- belhg- iconiposed of a preset number of 
sensors; the test signals from. each ot ithe'csensor^gfoups averaged to provide^ 
a composite, compensating :Mgrtal^:for:ieach-.se«so^ group which is stored, and 
the signal output of each ^risor^correc ted.- using stored compensating 
'■signal.for.the:.sensdr-group for ^that^s^risdr:.:. Defective sensors are identified 
and on reading out of the:oim^e>-.iip-alsi^rbrhT:the -array, readout of the 
defective, -sensors, is -skiE^ed 3andi%he..r^^^^^ of an adjoining sensor 
■substituted. ?-; ' r-. f o 

The:.present.4nventr6n-wi:Uirio\y be-deschibediby way 'of example ' 
with reference- to the accompanyirig idravvihgs, in which: 

Figure 1 is an isometric view of an image-irtput terminal (IIT) 
embodying the present invention; • . . • . 

Figure 2 is a side view in cross section of the- IIT; 
Figure 3 is a top plan view of the ITT; 

Figure 4 is an enlarged view showing details of the optical 
system for the IIT; ■. ., 

Figure: 5 is an end view in section of the mounting mechanism 
for the UT scanning arrays; -• , 

Figure 6 is a top view in section of the scanning si-ray support; 
Figure ? is an exploded isometric^ view showing, details of the 
scanning, array support; :• , .. : 

Figure 8 is a side view in cross section of the IIT automatic 
document handler; .. ; - 

■ ' • Figure-g.is-a top plan view of the document handler; 
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, . . : ^ Figure, 10 is an isometric view showings the document handler 

frame; . . - 

Figure -11 is a side view showing the platen cover mounting 
structure and doaum^ent. handler drive, train; ^ 

. Figure* J2,. is an, enlarged view showing details of. the platen 

cover mountirjg; structure; ^ic ' - - 

Figure 13 is a side view showing the document handler catch 
tray;. ; ■■-\,r:{.^: - . -^i, v . • 

:. Fi&yre 14, is fa schematic, view illustrating the HT control 
system; :!'=^L/vn ^i:., . : , : 

: i.^Figure .15, is a schematic -view. illustrating internal construction 
of a scannipig-^arr^ay;;--, ^ 

- .. ir:. : ::'^iFigiH?ies..:16§^.e^^ the time/- 

sequeneejOE?ei^atipaiaf arjay§;, ; i:r • :.: ; 

., - . ^-vF^gui^es J7}%land; ^^^^ pf .the sensor board 

^^r^yideo irna^e,sig;n§J»pfp,q.essirig.c^i^^ ; -j, 

' " -v- V:^5iffyjws,l8a::and ISb are schematic^.yiews; of-the.scan electronics 

rnpdi^e tim^ing 'u,-. it... » •. - ..o 

^ -a c '^j;. iL: i-Fi^reiJ.9 i&ra>sc;hejT!atic view of the master [counter; 

Figure 20 is a schematic view showing the principal component 
•V par^ts-isf thejl0t]age?Pr.c^€ssi^^^ 

:;::>i!^v : i (Ffig'are^ 2:1- :is .arschematic. view ^of the IPM sample and hold 
i :i;.cir:cmtfy} ; " . v ,.r; ..: ' . ■ . . 

Figure 22 is .a., schematic view of the control circuitry for the 
. .[Sample :and; hold. circuit ^of:Figure 21;; 

.1 Figure . 23 is. a schematic, view of the IPM interpolation/filter 
•structure;.'^ / . „ 

Figure 24 is a schematic view, of the IPM thresholder; 
r\: 'If, . Figures 25a'and„25b are schematic views of the IPM screening 
circuits; 

J- :i i . Figure- 26 is a schematic view of the IPM video output register; 

Figure 2T:;.is a^schenia.tic view of the IPM analog-t<^digital 
(A/D) converter for providing image gray scale output; 

Figure 28 is a schematic view of the A/D video output register 
for gray scsde image data; 

, / . . ;Figure.29 is 'a schematic^ view 'of the control circuitry for the 
A/D converter shown in Figure 27; 
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" ^ ^^igure 30 is a schematic view showing elements of the MPU; 
' ^Figure- 31 is a schematic.:view of the' image size controller; 

Figure 32- is a- schematic view of the automatic gain (AGC) 
control logic; , ' i ±.'-j- -\i • \ 

. , ' -Figure 3,3 Js ja; schematic view of the shading and bad pixel 
deletioi;! logic;. . .. ; - . . 

/ \ .- Figure . 34 is .^. timing; -diagram fllustrating Binary Rate 
Multiplier, (BRM) operation; . ; . 

, , ; 35 is a. blopK diagram of the ,video .oujput board (VOB); 



and 



circuitry. 



.1^^^ M. ^. ^e^P^ni}^^"} the scanning motor drive 



■ . .b . r. . .P"f P^P^^ -.'$f^.9J^W^.°Fh. , iixia^e " input terminal 10 
- 1 "*^.'..^°i'veni ent jy' divid^^ ^"sciiner 's^tion 12 for raster 

, . 'f if?^ handler 14 for 

.I'?5i'^"S v^H""M*^J1 /**,"^*J%5»ne4'?*° r'ei^istered" p6sMik on platen 28 of 
" scanher 12 (Figures 8-13) ■ and'control prbceS^^^ containing the 

various electronic components and circuits for controlling operation of 
. ^°^""er 12 and document handler 14, and for processing the image signals 

'■ ■' gdrie'rated (Figuf^^ 



1 
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Referring particularly to Figures 1-4, scanner 12 includes a 
frame or housing 18 consisting of base 20. side walls 21,22. front and rear 
walls 24,25. and top., wall 25. Base 20 and walls 21.22. 25.26 cooperate to 
form an interior chamber or. compartment 27 within which a movable scan 
carriage 32 is disposed. Base 20 and walls 21. 22, 24, 25, 26 of housing 18 are 
planar, top wall 26 including a generally rectangular transparent glass or 
platen 28 through which the' original- document 8 to be scanned is viewed. 

Document handler 14 normally overlays platen 28, the 
document handler 14 serving to bring one document at a time forward into 
registered position on platen 28. Following scanning of the document, the 
■document is removed by document handler 14 to clear platen 28 for the next 
document as will appear more fuUy herein. Where document handler 14 is 
: not'used, the docuVnintVo be scanned," i.e. a book (See Figure 13) is manually 
placed on platen 28 in registered position. ' Following completion of 
scanning, the document is manuaUy removed. In this mode of operation, 
^ document handl^^^i^ 'i^s^uhg to an ouVof^he way positipa or removed. See 
-^^iS-^enrv^e^eiB^^ :is, removed, a suitable 

'menlc^efluoii^i^ri) is provided to prevent^glare. and permit platen 28 to 
' i;^^c0^e;^'wS ^in uS to pcpte^ the surface therpf from scratches. 

dust, etc* . vit.— r . .:r- .'^ 

:vu ' '^^ •ij^.'n'ao ^f top. wall 26 between .the.end of platen 28 and 

front wall 24 is preferably beveled or sloped downwardly to provide a 
supporting surface facilitating scanning of bound originals such as books. 

Scan carriage 32 is supported for longitudinal movement (in 
the Y direction) within compartment 28 of scanner 18 by means of parallel 
carriage support rods 34.35. Carriage support rods 34,35 are carried in front 
and rear walls 24,25 of housing 18. To support carriage 32 on rods 34.35, 
front and rear journals or bearings 36 are provided on the sides of^carnage 
' 32, bearings 36 sUdably riding on rods 34,35. .: - 

■ ' To impart scanning motion to carriage 32, a drive screw 37 is 

threadedly engaged with carriage 32 via nut 38. Reversible drive motor 39, 
which is supported on base 20 of housing 18 adjacent rear wall 25. drives 
screw 37 in either a clockwise (scan) or counter-clockwise (return) direction 
to move carriage 32 longitudinally along carriage support rods 34,35. 
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A pair of scanning or image arrays 40,41. which may for 
example, comprise Fairchild ».odeI I21, H CCD Chips, are supported on 
c-age 32 adiacen, one end .hereof in predetermined spaced reUtion such 
that array 40 . above and to one _s,de of array, 41. ArVays 40,4. each 
. .compnse a series (e.,.,728) o,,i,dividual photosensi«ve , elemL effect ve 
«hen exposed to the <.oeu.en^ .^eing scanned ,p generate a signal „hose 
: pctenfal ,s„ proportional to the reflectance of. the. image area seen .y Zl 
array elernent. ^ , , • -*> i me 

An optical astern' consi^finglof lens 'ss, scan mirror 56, and 
, -ng m.rrors. „,58,,9, ,co<>per,5e_ .o;„rm en optical path 54 through 

"roT r -'5^=-?^ '-- M^^.™-' .- P.aten 2S are transmitted ! 
-, arrays 40,41,. .Lens ?5,,'S,,n.p„nt,ed,sufest^n,ially, centrally on carriage 32 in 
. ,P«^-,'.=Paced opposing r,latio,, ^o,^^^^^^^ .Mi,,„, [ 

.. 3'^S,'>^rm..,?t.r,^.,,^„^^^,^^ are.mounted on cLilg 32 „ 
'^^2r ^^'^''m^^^^-^ folded optical path Itwee. 
' o :S" ■ ", ■■ ' .Wi?5°J'».^.''.«.'«<' ..facets. 61,62 disposed at 

predetermmed angles with respect ,tB,p„e another such.that mirror 5. serves 
,as^Jbjec,beam.,,sp,itter,,,o split,,he,pro}ected image into two images, one 
^ffi.:??'' ,¥^ay ,.f9.«-.,..P-i5.g A=a„nlng.^,jmage,,ray,^^ ^ f^' 

Z "^^"■'/-^^^^'fe'^^^'^* ...ca^Sr^r 66 and from s^^ 
P,'F.^°r.5^<hro.ugh mirrors 57,J8,59 lens,5^ . 

llo;;„tj' "^^ "J-'Binate .platen i2^5a^d.,,any .::dpcumen. thereonj an 
e S in'Tv '7-^" '=.l>i?vided,on„carriage,,2. Lamp 65 which 
extends, „ the. d,rect,on . generally, perpendicul^^^^ the direction of 
.movement Of scan carriage .32, is. disposed in a generally cylindrical lamp 
,hou3.„g,.6. A sUt-li.e exposure ap.ert^r,e 67, i,.lamp houi„g 6S extend 
acro^ the width of platen 28. The interip, walls, 6. of .amp hLng 66 are 
preferrably polished to reflect light from l»n,n , " 
p,ate„ 28. . ■ lamp,.65 .toward aperture 67 and 

. . A r^"^«<"- is provided, opposite aperture 67 to further 

renec, light emitted by lamp 65 onto platen 28 adjac.ent the image caTre 
Refl,c or 70. Which .is disposed, on the opposite side of op'tlcjpath 54 " 
P^vo.a.ly supported by pins ,72 o„.e,arriage 32. ■;Spr.ing;73 biases reflector 70 
>n a counter clockwise direction into engagement with f ixed'.ocating stop 
on .carriage .32. The upper surface, of reflector .70 , is beveled at 75 an 
cooperates .wth the. down.a.rdly.slopin, interior portion 30 of top wall 26^ 
movement of carriag-e 3!? to o K^r«^ 

forwardly (to the dotted p'or: 'p"^-', " — 
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During operation, lens 55 and mirrors 56,57, 58,59, and 
exposure lamp 65 and reflector 70, move (in the Y- direction shown by the 
solid line arrow of Figures 2 and 3) from the carriage home position to the 
end of- scan 81 to scan' the document 8 on platen 28. Light from exposure 
lamp 65 illuminates* a line-like area i.e. the scan line, across the width of 
platen 28 (in the'X dirfectioh shown by the dotted line arrow of Figure 3). As 
carriage 32' moves'lihder platen 28, the line-like fllumiriated area travels the 
length of platen 28. Following completion of the scan, carriage 32 returns 
to the home^position: ' 

' Referring particularly to Figures 5, 6, and 7, arrays 40,41 
compt^ise generj^Qy Tectangtjlar chips 100, the internal photosensitive or 
viewing elerti en ts^of 'wHit^h ^extend logitudinaUy '^^^ to form a narrow 

• viewing windbw lbZ. 'Wh'^ 101 is provided for 
each array; ESb^iis?upfio9't'*as^^ 104 to which 
the array' chip-lS(lP£^s8ita^biy 'attached as by means of adhesive. Carriers 104 

• are ih turn-att&che<3f to'^upp'er and lower floating' blocks 106,108 respectively 
as by meah^'bf scrfeft^ iosff-^ * i ^ - • ^ . .: .r : 

"•■.a I '^'^r^M - Bic96k ate' generally T^sh'a^^^ with "a central generally 

■ " rectfihgiiMt^^^ ovd^'^^whicik' the array is secured, with outwardly 

' extfen'ding-^sicf^ f;roj*^<i*tfofis^ of each projection 

U2ill3 restsr fiigamst '^tJj^i^tkble 'suppbrt'U In the arrangement shown, 

' upper blbcl< 105 is inv^fecl relative t'o lower block 108 with the result that 
supports'- '126,11^ block 106 ride a'gainst the upper side 115 of 

projections' 112,113 of block' 1^ the supports U6, 117 'for lower block 108 

ride 'against ' the lower surface 115 of projections" 112,113 and block 108. 
Supports 116, 117 each comprise a threaded member 120 bearing a contact pad 
121' at' one* end 'thereof for engagement with the surface 115 of the block 
106,108'associated therewith. 

Supports 116,117 are threadedly engaged in, generally U-shaped 
'upper and lower block support plates 124,126 respectively. Plates 124,126 are 
in turn' attached "as by means of screws 127 .to base members 128,130 
respectively: Springs 132 bias blocks 106,108 toward and into engagement 
'with the suppdrts 116,117 aissociatled therewith; ' Sise Figure 7, 

As Virtll be understood, rotation' of threaded members 120 of 
supports 116^117 displaces ' the block 106, 108 and array 40,41 associated 
therewith in"a generally vertical direction to raise' or lower the array 
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relative to the optical path against the bias of spring 132, Rotation of the 
threaded member of support 116 or 117 only, or simultaneous rotation of the 
threaded members of both supports 116,117 in opposite directions, effects a 
rotation or turning movement of the array supporting blocks to adjust the 
angle of the array relative to the horizontal. ^ 

To provide for adjustment of arirays 40,41 in a direction 
parallel to the horizontal,' "^an* adjus^^^^ support 140,142 is threadedly 
disposed in' the upstanding' en* of each' plate 124,126 with contact pads 12P 

thereof projecting into engagement with the outer end of projections 113 of 
upper and lower blocks 106,108. Spring 143 (Seen in Figure 7) biases blocks 
106,108 axiaiiy into contact with the adjustable support 140,142 associated 
therewith. 

Rotation of the threaded member 120' of support 140 or 142 
displaces the block 106,108 associated the direction 
parallel to the horizontal against the bias of spring 143 to adjust the position 
of the array 40 or 41 reliSLtive to tlie'^o^ticai path. 

* Each '^array kUppo^ is attached to the ; scan 

carriage frame 52 opposite lens 55 by "means of a pair of externally threaded 
sdreW members 1^^ dtibpera'tirig lo'c^^^ Screw members 

^IsV'ahd i'54'^are thi^e^^^^ engag^ ^YhM'n^^^ thre^a&ed blocks 156,158 

carried- on carriage frame ^52v^^The-'terminSP^ds 151" members 
152,154 fafcing* the array isuppd'rt'^^ assWm^ are h'6llbw and internally 

threiaded- at 159 for Vecelpt -o'f-t^^^^^ screws 160. 

Spacers 161 and spring washers 162' are pr^^^^ screw 160 to 

position the' arrays suppbrf^'assemblies -m lateral position 

relative to' the locking screws; Holes 164,16S^in base rnembers 128,130 of 
array support assemblies 101 permit locking screws 160 to pass therethrough 
into threaded engage rtierit witH screw menibers 152,154. 

■ A generally spherically shaped recess 170 is provided in the 
face of each base member 128,130 coaxial with hole 164. A' vertical generally 
V-shaped recess 171 is' provided in 'the' face 'bf each base member 128,130 
opposite hole 165. The 'terminal end 151 of scrfew'^member 152 is rounded off 
for receipt in recess 170 of base member 12iB,130.- Screw member 154 has a 
vertical semi^circular segment 174 rotatably ' disposed" on ^:the terminal end 
thereof for receipt in V-shaped recess 171 of block mernbers 128,130. 

Alignment of arrays 40;41 perpendicular to the optical path and 
focusing thereof is effected by selective rotation of screw members 152,154 
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following attachment of. the array support assemblies 101 to the ends of 
screw members 152,154 and .the carriage frame 52 by locking screws 160. 
Tightening ^of locking , screws, 160 draws the spherical end of screw member 
152 in the spherical recess 17,0 and segment 174 on screw member 154 into V- 
shaped recess 171, .... 

. Simultaneous rotation of both screw members 152,154 in the 

same direction moves the arrray/support assembly^lOl toward or away from 
lens 55 to adjust the array focus. Rotation of screw member 152 only causes 

the array support . assembly 10.1 to pivot or rotate about the cylindrical 
segment 174 pn screvy member 154 to adjust the angular disposition of the 
array support assembly 101 relative to the optical path. To shield arrays 
40,41 from extraneous light, a flexible diaphragm 175 is disposed between 
. lens 55 and. the array support. 



Jleferring: now. to Fimjres 8-10, document handler 14 includes a 

. ^genejaUy rectangular^ fra^^^ 200 on. which cooperating document 

input pinch rolls 201,202 .are rotatably supported. Upper pinch rolls 201 are 

-.carried on input, roll drive shaft 204 -journal ed in sides 205,206 of frame 

, .nvember 200. The loiver pinch rolls. 202 are supported in cantilever fashion 

?et5y spring Kiemb^5'Sc;20i7r; secu the -rrear., wall, of frame member 200. 

Pinch rolls 2Q1,202, .whiph are selectively disengageable so, that a document 8 

-:,to. be -^canned , may. be TQa between; th.em,. cooperate to advance 

the; .do<;urn^nt^inse.r,t^ feed. slot 210. in, coyer. 24 forward to a 

vwait; station,.. Wjheneat,. the document is preregistered. ; , For this purpose, a 
pivptally suppprte.d registration gate, 212 with cooperating pivotally 
supported upper chute 214 is provided. : 

.Gate. 212, which includes plural spaced apart registration stop 

_ fingers 216, .is supported-on shaft 217 so that the fingers 216 project through 
openings 218 in fra,n;ie member ^200. , Upper registration chute 214 is also 
arranged to be. pivoted , about :a shaft 220 on frame member 200. When 
registration fingers 216 are in their operative or.raise.d position, chute 214 is 

... lowered to limit , the. thickness of a document whicK can be inserted in 
document feed slot. 210. Chute. 214. is biased downwardly (in a comvter- 

. . clockwise direction) about the pivot axis of shaft 220, by gravity. 

Upper chute 214 includes arm 222 coupled via adjustable set 
screw 223 to. actuating member 224. - Solenoid 225 is driveably connected to 
actuating member 224. 
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In operation, where solenoid 225 is not actuated, spring 2 
biases registration gate pivot shaft 217 so that .gate 212 is raised to interce 
the leading edge of the document inserted into the document feed slot 2i 
On a disposition of i a document in document slot 210 and against t 
registration fingers .216, solenoid: 225 is ; actuated to lower the registrati 
fingers 216. At -the; same .time.uinput rolls 201;; 202 close to advance t; 
document, sandwiched there,b,etween : into the nip of docume 

transport belt 230.^. . It; wild . be understood ..that actuating member 2: 
connected.jto, the, registration, mem^ shaft 217 works through s 

screw..223, to pivot chute .214 upwardly to, facilitate movement of t) 
document therethrough. ' .,, i> . 

. . Pla^n .transport ,^,belti; 230o fe^ suppOT^ within the fran 

assembly 200. Frame assemblyp20.a as pivotally supported at one , side 
platen 28 by input pinch roll dj'iv,e^.^haft,2p4. 

' . ! ;.- ; T^^j Pj^^/^vP . !'?^^ &^r^'5>spj0rt^230 is .comprised of a single be 
. whi^h. is stretched ^^>P"tJth^Jinpi^t:dfj(v puUey 232 and, the exit idler pull. 

r /.^^'' ,^f.l'[';:-"p"^ .W<5^^ are jo.urnal,ed.for rotation in sid. 

§05>206 of ^frapie ^ssemWy 290,^ InternaUy of , the belt,230 an input backi 
roU 235 is pivotally supported^ ' Inp^^ backup roU 235' is rotatably arranged ; 
one end of a frame member 236 which in ^tum is pivotaUy supported abo; 
shaft 23r secured' between ' wdes" '20 5 ,2 'ttie frame assembly 200. 
second pivot^ly-'siipp^ 240 is pivotally arranged' at oj 

end about '^shaft 238 and rbtatably 'supipor'ti'i Vi'g^^^^^ backup roU 241 1 

its- free end, ■ -"■ ' ---'5 

' Backup rolls 235,24i aite tirged against' the interior of belt 2: 
by -the weight of the parts to obtain' the ^ecjuisite driving force between be 
230 and the document 8 being advance^dJ ' ^ ■ "'^ ' 

Platen belt transport 230 advances the document 8 onto plat( 
28 and against platen registration edge ^s' tb register the document in' 
position for scanning by scanner section 12' Referring particularly to Figu: 
8, registration edge 29 - comprises ai plate^iike member 250 which 
comparatively thiri and sufficiently flexible to conform to the beveled wt 
30 adjoining, the front edge of platen 28. ' Registration^ edge 29 is supports 
for movement in a plane parallel to beveled waU 30 to "enable edge 29 tot 
retracted after the document has been registered; This' permits tl 
document to be removed from the platen 29 at the end of the copy cycle. 
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. Springs 252 bias the registration member 250 against the 

platen edge. The registration member 250 is arranged for sliding movement 
on, the registration gate frame 254. Tension springs 255 bias registration 
• member 250 toward a retracted position 'against stop member 256, member 
^ 250 being slotted at- 258 ^if or receipt of stop members 256. Registration 
: member 250 is rais€<3 to bnng 'the registration edge' 29 thereof into position 
to intercept the' leadirtg^edg&'^bf tKe' document by rrieans of a solenoid 260 
- ^ which is bonnected 'to n\'em6'er 250 by-Unk 262. * ' 

' * When Raised 'to tH^e'^'tf^^ the register 

edge 29 engages^bfelt .2*30 to rdise the register backup roll 241 slightly' off of 
the surface of platen 28 to create' a^ registration pocket. This reduces the 
normal force of^t)'el{ ^230 agiain'st'^the document as the document is advanced 
"-toward register eflge-'29y-^ ~ '^*' ' . - 

'^A?ter''^thfe' ^ db^'um kni hah'' beert registered, solenoid 260 is 
^' ' ' engaged atid ^egisf^i^e^g^e 2ft'is \^l\M'rawri to the retracted position shown in 
' ' Figure*^ 8 / THis' ^ef filit^ '^r4gi'^^^ to drop back into engagement with 

' " ' ' thes db'curnl^nt tfifbugh the belt 230 to facilitate advan^ of the document 

■ r , • i " f V- 'J o ~^ s i ^ r * " ^ V ** " ^3 ■■ " ' r**! y , U 

frbm platen 28 by the belf transport ,23d- . If .a . second document has been 

preregistered against " fingers 216, the document is fed onto platen 28 

simultaneously with the removal of the previous document from platen 28. 

, . The document is advanced by transport bjelt 230 into the nip of 

, , output roll paix,265,26,6., ,IjLpU^65 is .supported .on. rota.table output roll drive 

shaft 268* Lower rolls 256 are idler rolls and are supported on individual 

^. shafts 25?- -Spring 270 biases rolls .266. into engagement with the rolls 265- 

. Guide ch!4,tes. .272,273; ser.ve to. guide the documen^t into the nip of rolls 

265,266 and through discharge, opening -275 to. document tray 266. 

. ...To permit document 8 to. be located in registered position on 

platen .28 manually, a document register edge 282 is provided. Referring 

. ..particularly to Figures U, ,12, parallelogram type, linkage 284, secured to 

-frame. 200 provides parallel sliding movement of registration plate 283. 

, , Tension, springs . 287. bias.; the parallelogram linkage 284 such that the 

.registration' edge 282 thereof is. in operative position on platen 28. Cable 

■* 

288 :Couples linkage 284 to actuating member 289 mounted on the document 
handler cover 24.* . ... 

. : When . :document handler 14 » is raised, cable -288 is slack and 
manual registration edge 282, under the influence of springs 287, is 
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operatiyely positioned on platen 28 to register a document placed thereo. 
When document handler 14. is closed, actuating member 289 pulls cable 21 
taut to retract registration edge 282 to an out-of-the way position. 

Referring particularly to Figures 9 and 11, a drive motor 290 
connected to document handler 14 via clutch and pulley 291, timing belts 2£ 
and 293, and intermediate pulley p^ir 294 as shown in Figure IL Timing be 
293 is couj)ied to shaft 204 of roll 20l' through pulley 296. Timing belts 2E 
and ^29 8 couple shaft 204 to pulley 299 on. platen :transport belt drive roU 23 
, and pulley 300 of document discharge rolls 265. . 

. Referring.^tq Figure: 13,. a, pjyptally supported document de 

accelerator support bar 302 .is provided, in . tray 266. Spring 303 biases hi 
302 upwardly. Mylar (trademark) strips 305 on bar 303 serve to de-celerate 
documents exiting from document handler 14. 

Referring, to Figure 14,. control section 16 may be convenient! 
divided into CCD sensor. board (SB) 3 00,. scan electronics module (SEM) 30'. 
Jmage processing module (IPM) 304, -.video output board (VOB) 306, MPU cor 
, trpUer board (MPU) 308. and operator control panel 309. As will appear mor 
/"^^y^.^^^^j^' ^^^P. }^^^.^ ^lS^^}^.or pixels .produced by arrays 40,41 ar 
initiaily prpcesse^ on. SB 300. jfqUowing analog image signals ar 

input to IPM 30.4 for farther processing. Processing of the image signals i 
regulated by clock signal^ derived Jrom . SEM ^302, and commands from MPl 
308- MPU 308 in turn, responds to instructions by the user through contrc 
panel 309. 

^ , Follovying processing, the image signals, are output by IPM 30 
to VOB 306. From YOB 306 the image signals may be further processe 
and/or stored in memory, transmitted, or input to a suitable copy producin 
apparatus, the latter to provide copies of . the document or document 
originally scanned. 

IIT 10 is operable in one of several modes in accordance wit 
the instructions of the user or operator. In addition, a DEFAULT MODE i 
automatically invoked whenever a system overload occurs, as for example 
when compressing the image signals. 

The operational modes of UT 10 comprise a LINE INPU' 
'MOt)E, PICTORIAL INPUT MODE, PICTORIAL ENHANCEMENT MODI 
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• and DEFAULT MODE. The LINE INPUT MODE is used to scan documents 
which are comprised mainly of line type graphical information.. In this 
mode, the analog image signals are compared with a preset threshold value 
to provide an image signal output by IIT 10 in binary (i.e. 1 bit per pixel) 
form: Scanning is effected at a relatively high speed and image output 
resolutiofi after prdcessThg is relatively high. One scanning ^eed is 125 mm 
per second (rnrtps) fcr both^scari carriage 32 (Y-di'rection) and arrays 40,41 (X- 
direction). This results^in ah image resolution of nine pixels per mm (in the 
X direction) by ' 18'' lines' per mrn (in the Y' directibh)/ Interpolators 510, 512 
and Sampler- 590*(Figures 23, 24) cooperate to double the number of pixels 
'(in the X-directioh) ^to 18 pixels* per mm as will appear. SceQe coefficient 
latch 731 (Figure 25)' permits dropping of selected pixels to provide reduced 
size images as will appear. 

The PICTORIAL INPUT MODE is used for scanning documents 
containing' predominantly continuous' tone pictorial information. In this 
mode, scahhing 1's^ cohducted at relatively low speed. One suitable 
scanning speed Is 5QmnrpBfor both scan carriage 32 and arrays 40,41. This 
re^til'tis in image' reso^^^ per mm (in the X 

- direction) by' IB lines pe> mm (in the Y direction). As in the case of the 
LINE" INPUT MODE, the image signals are interpolated to double the image 
resolution in the X direction. This results (in the example given) of an image 
outpuf resolutiori of 18 pixels per mm (in the X direction) by 18 lines per 
mm (in theT direction). In this mode of operation, the analog image signals 
are screened electronically to provide a binary (i.e. 1 bit per pixel) output. 

' " "' ' ' The' PICTORIAL ENHANCEMENT MODE is used for scanning 
documents' contaming predominantly half tone pictorial information or 
continuous tone pictorial information where it is desired to retain gray scale 
information for subsequent processing. In this mode, scanning is done at a 
relatively low speed in both X and Y directions with reduced image 
resolution. For example, in this mode scanning may. be at a rate of SOmrpsfe 
scan carriage 32 and at the rate of 25nnrTp6 far arrays 40,41. This results in an 
image resolution of ninepixels per mm (in the X direction) by nine lines per 
nrinn (in the Y direction). The image output is quantized, coded 6 bit gray 
scale as will appear. 

The DEFAULT MODE may occur when jan overload is detected 
on the system. In response thereto, a rescaji of the document is 
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automatically requested with interpolation omittec*. Rescanning is effected 
at a relatively high speed, for example at 125^m^FB ^wth' resolution of 9 pixels 
per mm (in the X direction) by 18 lines per mm (in the-Y direction). The 
output is. in 1 bit binary forrn .:from either thresholding or screening, 
depending on the operational mode selected. ^ - : ' 

' ") ' : - ' ■ ' . ' . i.c::?v:i.. ■ . \ -. • 

Referring par tiqularly^tp, Figures 15 and 16, the exemplary CCD 
type arrays, 40,41 each include.:a, succession (i.e. array) of photosensitive 
elements 311 on the narro.w. center^ portion .of silicon chip 313. Elements 3U 
are flanked on eitherside by r0ws?3l5,3l5. of- transfer .agates 318. Registers 
:320,321, which compris.e ; parallel: input-serial output analog registers, are 

r disposed on either side of theTows 315,316 of ^transfer gates. 

> - f . • ^ 'Transfer, gates. 318 niswitch.r:the : output of the individual 
^photosensitive: elements 3U:t^^^ of.shift registers 320,32L 

..The, total, number of transfer igates^ruse^^m ^.ch row 315,316 is equal to one 

..half^ the, total; number of photosensitive; -elem^ alternate, i.e. odd 

/ numbered phptpsensitives^elements^cou^^ 315 of transfer gates 

to shift register 320 and even numbe^rjed^^photp^^ elements coupled 

. thnough ro.w .316 transfer gates -to,^ 321. 

r- : V ! The total, number.fof phas^c. gatcsi :32.2 in.s^hift registers 320j 321 

:;is equal to the^ number of that comprise each 

-array and ^as a result, only alternate sliif t regi^t^rphas^e gates are coupled to 
,the photosensitive elemenjs 311. . vArrays. .^40,41 functi^^ to convert' the 
graphical image of a document 8 to.a series of .electronic image signals or 
pixels. On exposure of the photosensitive elements 311 to the illuminated 

.document over a preset time inteir^vaVCtermed the /"integration" period), a 
charge proportional to the luminous.^energy. reflected from the document is 
generated. Following integration the charges- on the photosensitive elements 
are transferred en masse to phase gates 322. of . shift registers 320, 321 on 
enablement of transfer gates 315,316 by a transfer signal fi^^, f^^. 

^ Following transfer of the charges from the charge- coupled 

:cells.to alternate gates of registers 32.0,-321,; the. resulting image signals are 
shifted by means of clock driviijg pulses fll-1, tQ-l, , fSL-i," ^2-2 (Figure 16) 
serially along registers 320, 321 (i.e. from left to right in Figure 15) to output 
gate 326.. :There image signals and offset signals, from the matching phase 

^ gates of the adjoinirig registers are, summed and output via holding diode 328 
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of amplifier section 329 to emitter followers 333 (Figure 17) where initial 
. signal processing commences. 

Referring particularly to Figures 16, 17, image signals produced 
by arrays 40,41 are output along separate signal channels 330, 331 of SB 300 
before being combined at crossover switch 350 (Figure 17b to provide an 
uninterrupted *streanf*i of video image* signals (analog video) for each line 
scanned. During^ - this^'-'^sit'age -certain.' initial: signal processing occurs. 
Inasmuch ''as the'^cpmponent-parts of each^signal channel 330, 331 are the 
/sanfie,. only channel 330 is described in detail' herein: 

'•*^; - t Op^eiating clock 'sign£ds '((^^^ t^^, t^^, 

i GOOD- DATA,">S^\MPLEr''AGG,- STITGHy derivied from SEM 302. Time 0 
is arbitrarily- -t^Ho^en cas a^ timje ^-particular array starts to clock out video 
'image signals^' Jt -should lie uhder^ other events, 

' principally scanning -y^r '3 ritVgr^^ (where the image 

signals aYe*'tr*ansf ^bV61*^fr<5rti^--.^^^ elements 'SU to shift registers 

' 320,321), occur' in-the-pr^^^ and count 

'^^^^347*8-34B9"'(!Figiire'16b). "'^^ 

.... fields b'f arrays 40,41 overlap 

bne^ another to-er^SfUrecariv?^ of video image signals.; On 

clocking '6dt 6f •^h%^irh"a^e''sigWaI^^^^ shift registers 320,321 crossover^from 
"3 - dne ar^a^^ (:i;^ made at a preselected point within 

•the"^ oV^flappihg^ viewing fields', - The unused or excess image signals from 
both arrays' 40,41 are discarded: 

''All events' are clocked from a master counter 406 (Figure 18, 
19). Wi^tfi counter ^at zerd, image signals in shift registers 320,321 of array 40 
are clocked out by clock pulses 01-1, 02-1 until a-count of 1732 is reached. 
Clock 'pulses' fll-2, 02-2 start at count 1716. At count 1724 the stitch signal 
(STITCH)*goes low to trigger crossover switch 350 and couple array 41 to 
output lead 351. 

" With the crossover point selected in the example at count 1724, 
array *40 has 8 unused pixels (1724 - 1732) and array 41.has 8 unused pixels 
(1716 - 1724). These unused pixels are discarded. . " 

' Referring particularly to Figures 17a and 17b, video 'image 
signals output by the arrays are fed to emitter follower 333 which provides 
current gain and serves as a low impiederice driver for sample and hold 



-15- 



0027372 



circuit 339. Follower 333 may for example, comprise a Texas Instruments 
3904 transistor. The signal output of foUower 333 passes via lead 335 and 
blockiijg' capacitor 336 to sample and hold circuit 339. Capacitor 336 serves 
to. block out the relatively large DG offset Of the arrays. A predetermined 
, bias is provided by. bias circuit- 3:3,7. . i ..; ■ . a ■- 

':<- . . : Sample and hold vcircuit 339 may^for example, comprise a 
Signetics SD 5000 . circuit. : (eircuit 339^, responds to a periodic signal 

0 (SAMPLE) to periodicaUy . sample: and: hold- the' video image signals for a 
preset- time interval.. The output: ot -sample and. hold circuit 339 is fed via 
lead 340 to the.non-inveftirig. i'rtp.ut.of idifferential ampUfier 341 which may 
for . example, .comprise , a NatiohaiA Semiconductor LH" 0032 amplifier. 
Amplif ier 341 serves to modify the video image: signal level in response to a 
gain signal (AGC),;determined; in^ae^ordancfe iwith"^ the operating character- 
istics of each array .by au tpmatic gain contjol circuit 342, as will appear. 

,= S; : . The image signal GutpM by .amplifier 341 is passed via lead 343 
;and blocking •capacitor;344..toccr^osso,vier-.switch:.-350 which as described 
-icoviples.one orithe otherjarray'40JQr.41ito output amplifier 353 in response to 

1 a;stitching)signal (ST1TG;H).: rn^o- yi^ii CJi^, 

■ ' - - ' ■ - -r- To restore.channel.'Sai-jjto! a i zero;. signal level prior to the next 
integration, a zero. level; restpre.<ZR);.signal is. input to switch 350 foUowing 
.ithe-.last image signal. ,In ^the.ejcemplary arrangement shown in Figure 16, the 
ZR . signal , is ; input to :S>vitch 35.0: f r;om.;j.couhtn3,447^ to 3462 to complete a 
circuit coupling crossover switch 350 to groundoc 

Referring particularly to. Figure .18 b, SEM 302 provides clock 
and timing signals for operating the various components of ET 10. SEM 302 
includes, a clock pulse generator 400 which may, for example, utilize a pair of 
crystals (50.31 MH z and 2,0.13 MHz ,-and a flip flop divider (not shown) for 
generating base multiple frequency .clock pulse.s,.corresponding to different 
IIT scanning rates. As will appear, JIT 10 may be -operated at one of several 
scanning rates which, in the example described, comprise rates of25n7Tps,5C 
mmps and 125nnmfS. Se!ectian of the: HT Operating mode by thi.user or operator 
through control panel 309 determines the scanning rate. A control signal 
(SPEED . SELECT) corresponding to the scanning, mode selected is input by 
MPU 308,.to clock generator 400 orSEM 302 to select the output clock signal 
frequency of clock .generator 400. SEM 302 is, coupled to MPU 308 through 
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programmable peripheral ' interfaces (PPI) 405, which may for example, 
comprise Intel Model 8255A-5SR-PPrs; . . 

The-signal output (6 0j^) of clock. pulse generator 400 is input to 
subclock generator 402. Subclock generator 402, which may comprise 
suitable flip flop based logic circuitry (not shown) divides the clock signals 
(6C). input by clocic pulse generator; 400' into operating clock signals flR, 20R, 
SHSMP (SAMPLEr.CQMM^AND) respectively: Clock signals fiR, 2flR, and 
SAMPLE COMMAND ^are input- to IPM 304 and clock signal flR which is the 

. reset signal: corresponding to the pixel rate for arrays 40,41, is further input 
• tO;master-;cauhter^406 of SB 300 (Fig. 19). • ' ' ' 

■ ' ..r>i;" 3^ Asi:described earlier, master counter 406 controls operational 

/ timing^of : arrays^ 40^41./ -Referring particularly- t^ master counter 

i406 :"includesicpluralu registers 437 responsivei tb- 'clock signals tSR from 
subclock genera^f or? 402Uo' provide a 12- bit clock signal output to bus 407 and 

' : count';decodea logit!; 408; 'Bus 407 is also coupled to programmable pulse 
generator 416oaEtd addressicircuit 421 of bad pixel RAM 420. 

- - : Gbunfdecode-'^logic 408 incorporates 'plural (i.e. 4) 6 bit. to 8 bit 

registers with attendant NOR gate array (not shdwn)* for decoding the clock 
sigrialdnput thereto ^-rcminaster- counter 406 to provide a plurality of timed 

:^ contFolie'd si_ghaIs lb -event timer '410? - • ^ * 

; u.ir? T: .^;!;;' -n ; Event- tirner 410, which may comprise flip flop based logic (not 

• i shown)' for subdividing- the input pulses thiere to, provides the enabling, signal 

(GOOB: DATA) and clock pulses f)XA,„f)XB to IPM 304 and clock pulses 01-1, 
1J2-1, fll-2, 02-2, 0XA, flXB and sample signal (SAMPLE) to SB 302 as described 
^ -heretofore in connection with Figure 16. 

■ ;.M • The function arid purpose of programmable pulse generator 416 

' arid -b'ad'pixel -RAM '420 will appear hereinbelow. - 

^ ' ^ V.' ' The-pulse clock frequency corresponding to 2 IPS (20.13 MHZ) 

• generated' by -clock pulse generator 400 is output via lead 409 to A/D 
converter 501 of 1PM 304 as will' appear; . - 

• ~ Video image signals (Analog Video) from SB 300 (see^Eigure 17) 

• are input' to IPM 304 for further processing prior to output to VOB 306 
and/or MPU 308. Referring particularly to Figure 20, the flow of image 
signals^ thrbugh IPM 304 is there illustrated. A selector switch 500 permits 
the user to select the signal input' source to' be coupled to Sample and Hold 
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(S/H) circuit 501 from either SB 300 or from DT test-calibration selector 
switch 502. Image signals from S/H circuit ^01 are input to either threshold- 
screen processing section 505 or A/D conversion section 506 depending on 
the setting of selector switch 504 by the operator. Where PICTORIAL 
ENHANCEMENT MODE is selected, switch 504 is set to route image signals 
to A/D conversion section '50'6f''^^Vi''her€!' LINE INPUT MODE or PICTORIAL 
INPUT MODE'are selected, svvitcH 504 is- set to route the image signals to 
threshold-screen processing' sec'tiori'505'. '■ • 

Threshold-screen processing' section 505 has selector switches 
'508, 509 for routing' the' ima^e signals to either- high speed feg J25rmps) 

■ interpolator 510 (LINE' INPUT'MODE),- or low sp^eed (eg SDmn^) interpolator 
512 (PICTORIAL INPUT MODE). The^image^ signals from selector switch 509 

-. are input to tht-eshblder 514" where-the; signal^ may be either thresholded or 
•screened, depending- upon thei'butputfof'.screen-threshold circuit 516. D/A 
•converter 517 cbnverts^the digitalUftPeshofd^cr^^^^ of circuit 516 to 

^analog: signals -f or ^ us€. ' -bj? •• £lfriisKdldg#v5i4. the output of thresholder 514 

■ whi'dh Is. in- bit serial .f orniy is .routed'eithep' tc^'-VOB 306 or to serial-parallel 
converter 5W.Z-¥rhtrP.i:onyeTtkTmsp thSesign-al .tal.tt»u*, in 8 bit form, is input 
to MPU 308. .'5*\-. bsji dj.;:yo7ffj iGc 

■ ■ ■- Image signals rdittgd-Uo'^ A/D processing section 506 are input 
to A/D convefter,520 whereatothe:sig:rials are converted from analog to 6:.bit 
digitaL The output of A/D converter 520.is:fed'to:selector switch 522 which 
routes the signals to either. VOB.^304 or MPU 308. 

• ^ ■ . - TO' accommodate illumination, vagaries and falloff of the 
ekposure ilarhp, a shading compensation circuit. 525 is provided. The output 
of circuit 525 is input via D/A converter-526-to both thresholder 514 and to 
A/D converter 520 for modifyingthe image data iasi will appear. 

Referring particularly to Figures;; 21 and 22, S/H circuit 501 
serves as, both a lovy pass filter to remove noiseffrom the image signals and 
to periodicaUy sample and hold the image .signal level sampled over a preset 
time intervaL S/H circuit 501 may for example, comprise a Datel SHM-UH 
sample and hold circuit. ■ . f - 

Video image data, from SB 300 is input to S/H circuit 501 in 
lead 550 via. selector, switch 500. Sample and hold enabling signal (SHE) in 
lead 552 inhibits. a. sample, command (SHSMP) if the A/D conversion by A/D 
converter- 520 is' not. completed; when operating in the PICTORIAL 
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ENHANCEMENT mode. Enabling signal SHE is derived from flip flop pair 
801,802 (Figure. 22) in response to the signal EADTB representing the 
operational timing of A/D converter 520 in the context of sample command 
clock signals SHSMP and DHSMP. Selection of this mode by the operator 
generates an ,enabli.ng. signal (A/D MODE) in lead 800 to flip flop SOL The 
sample command , (SHSMP) signal in lead 553 is derived from subclock 
generator 402 of SEM 302 (Figure 18b) to operate flip flop pair 801,802 and 
activate S/H circuit 501 in, timed synchronization with the input of video 
image .signals such, that each signal is sampled a predetermined distance 
between successive clock? reset pulses.. • In the exemplary arrangement 
shown,, samples, are; takea distance, between reset pulses. To 

correlate the .sample com fti and : with the operating characteristics of S/H 
.circuit ,501, the,:Sample ..c^^ signal is ^input to tapped digital 

';delay 555.->¥hVQhtf!Q,t^i.ej>campl^^^^^^ may^. comprise a -Data.- Delay Model DDU-4. 
Digit^l:.de^ay^3§l:Sf i?e?P:t:;t^ sample command signal for a preset 

inter v.al;'to,p^gvijde[4eli^y:ed sample conjmand signal (DSHSMP). Both sample 
:and..cielayed/s^mpje Cj^mmand-sign DSHSMP) are AND'd together 

in^negist:^-. 5:55(,iJLo(g)?oyidte ft. -ti (SARJPLE COMMAND)^ to S/H 

circuit 501 through lead 558. \ v . 

iq G ' Thets^mptev com ypajid clock signals DSHSMP and SHSMP drive 

flip npps. 801,8fliJ^itp3EJFojvt.ide- timed generation of . sa^mple and hold .enabling 

":signaU(SHE).05?5 \:f-!.-i^\?:\c- - ' • \ j -."-^ i ^ % 

.fio: '^.[.Referring 'particularly to Figure 23, the image signals output 
by S/H circuit -501 are routed by selector switch 504 to lead 560 and A/D 
converler .520 .(Figure:20) if PICTORIAL ENHANCEMENT MODE is selected 
or-to lead:55ltand selector switch 508 when: either LINE INPUT MODE or 
PICTORIAL INPUT MODE is selected. Selector switch 508, in turn passes 
the signals to either lead 552 and high speed interpolator 510 (LINE INPUT 
MODEy or to lead 564 and low speed interpolator 512 (PICTORIAL INPUT 

' MODE) in response to scan speed (SPEED) signal in lead 51L The.scan speed 
signal it will be understood is dependent -upon the operational MODE 

selected. • ^ 

•Interpolators 510,512 each comprise analog data delay lines 
... 566,567. A linear interpolation fQter.is implemented by taking' equally 
related subpixel taps 568, 569 over, two adjacent pixels and summing the 
output to ^give a" continuous J analog signal v which, is later resampled by 
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sampler 590 (Figure 24) at a frequency double the pixel clock frequency to 
double the number of image signals (i.e. from 9 to 18 pixels per mm). An 
enhancement filter, which in the example shown is a 3 pixel. enhancement 
filter is also included. The filter is impliernented using :delay lines 566,567 
and. differential amplifiers 570,572. Amplifiers 570,57,2 weigh the combined 
signals of taps 568, 571,.representlng^t;he outside/pixel sum,- with the sum of 
the center pixel taps 569..^ Thg 'Autputs, of differential amplifiers 570, 572 
are selectively coupled to thresholder,514 by.selector switch 509 in response 
to th e scan speed (SPEED) selec ted-. - - ; - ; . • . . ^ : \ 

Data delay lines 566,5.67 ; which may - for .example, comprise 
Data Delay Devices -No:, 2214-4006 are Jd.entical except that delay line 567 
for low . speed, interpolator 512, is longer -thani delay, line 566 for high speed 
interpolator 519. Differentjalramplifiers 570,- 572 may:comprise RCA Model 
.CA3100.OP AMPS^, : ; .yi^- p ' 

\, 1, r: 'Referring parti cular:ly>tQ J^igy^e:24>-i output from 

processing section 505 are fed to analog... signal ^ comparator 575 of 
: threshplder 514. via .lead '57 6v b..,Cp.rnparator 575 which may comprise a 
Signetics NE 521 analpgisignalrcompar^to^^^ signals on a 

pixel .byr .pixelf basis wt^ in lead 578. 

Where the: leyel of the . image TsigneJc is- the threshold- 
screen signal- in lead 57.8> a . binary qsignal. putput of 1, representing a black 
image area^ is generated in, output lead 5,'^9.e_-Wh^ signal level is' 

equal, to or below that of the: signal 'inilead 57-8y a.ibinary output signal of 0 
representing a..white image area is- generated. ;^ \= \> 

: Threshold-screen .signals in >Jead . 578 . are provi^^ by D/A 

converter 517 in response to a. 6 ,b it. fixed .threshold j or screen pattern input 
thereto from screen/threshold, circuit 516 ^through, lead ' 581. Referring 
particularly to Figure 25a,. circuit 516 has screea.values stored in RAM 74L 
The output of RAM 741 is coupled to control switch 745. Fixed threshold 
values are supplied by MPU 308 to ;threshold latch circuit 746. The output of 
latch 746 is. coupled to control switch 745. ^ A control signal (SELECT) from 
MPU 30a,sets control switch . 745 to output either screen: values from RAM 
741 or the fixed threshold value from threshold latch circuit 746- to lead 581 
and D/A converter 517 in response to the pperational mode selected, i.e. 
PICTORIAL or LINE:INPUT:MODE. - . 

;5j-directional .communication, is provided, between RAM 741 
and MPU 308 through tri-state latch 740.^ During scanning, a local read 
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enable signal is input to multiplexer 742 through lead 739. Multiplexer 742 
applies a read/enable signal to the WE pin of RAM 741 and an output disable 
(DISABLE) signal to latch 740 through leads 738, 743 respectively. A' second 
multiplexer '744 is addressed by column and row counters 7.48, 749 
respectively driven bySclock signals flj^,. flj^- in synchronism with the pixel 
stream and- scan Uneandex-in^ respectively: ^ ' 

' • ' Sceth line'^ciock' signals (OL, LINE SYNC) are derived asynchron- 
ously from the main clock deebdi rig circuitry' of- SEM 302. Because of the 
relationship, velobity of iscan carriage 32 must'be kept accurate and stable. 

it : a 'Coltirnn-v counter 748 addresses columns ''0-^7- and then self resets 

to effe<*t rekding'of the threshbldis- along one scan^ line in blocks of 8 pixels 
at'B time; ll6vy\:b'untfef-t each scan 

line, i.e. during the first scan line the fifs^^ row' 'is ''addressed, during the 
second scan :liAe'/'tffe 'sfecDnd-Pdw,' etc. 'bbunter 749 repeats after each block 
of*8 scan:^^ne$^^^^^^''i - ^ " . ■ . ..^ 

i ; o f: WfifeiJ-^cgrnfix^d tHVe'^hold is .called for^(LlNE INPUT MODE), the 
^t¥a-esh6ld> i$^loa•aea"^y'^MP;U-3fl&^^^^ is triggered 

-^tc>' inpu tithe >fixea''tnf-ekfTfdl^ latch.cirduit 746 to output lead 

^584i'*^'Oounters 7'48,749'a¥gT count and infiibited, 

. ! ..f . ' *r :li>' the'":M1>U''acce^ modei -ai for example, where new. screen 
r:tla^eslicjMValtfeS'are ttfbe w^ MPU 30,8 sends a logic high 

signal '^througW address line 714' an'd' gate 747 to multiplexers 742,744. The 
signal input switches multiplexers 742,744 to select MPU "control bus 716 and 
MPU address bus 714 ihs'fead of the local read enable signal in lead 739 and 
column/row- counters 74^,7 49. MPU '308 thereafter applies- through control 
bus 716' a logic High or logic 'low signal to multiplexer 742 to signal via WE 
line 738 for MPU read or write respectively in RAM 74L' 

The binary image -signals output by comparator 575 to lead 579 
' are fed to' sampler 590 which may comprise a flip flop where the signals are 
sampled'at a selected clock rate (XCLKM) to multiply the number'of image 
signals. A stream" of binary image signals from sampler 590 is output via_ 
lead 591 to VOB 306. Sampler 590 also controls the size of the output image 
as will appear. 

Referring to Figure 26; image signails from comparator 575 are 
also inputl to video register pairs 592,593' of serial-paraUel converter 519 
where the binary image signals are converted to parallel 8 bit image data. 
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Image data from converter 519 are output through bus 597 to MPU 308 in 
response to a read signal (RDVR) from MPU 308. ' ^ 

Image signals output by' sample and hold circuit 501 may be 
routed by selector switch 504 to lead 560 and A/i> converter 520 when 
PICTORIAL ENHANCEMENT MODE is' selected by the operator. Referring 
particularly to Figures 27-29: arid '22, A/D converter 520, which may 
comprise a TRW Model TDC-lobtFA/D ^converter, serves to convert the 
analog image sighals' intV 8 biW^of-digital information. Where the image 
dataare butpUt to VOB 306, the least two significant bits are dropped to 
provide & 6 bit- output tolVOB S-'Ofe. Datk biitpufto MPU 308, normaUy for 
caUbrition or diagnostic .pOrpos4s, is in s'bit fbrni. Image data output to 
either VOB 306 or MPU 308 is lelecied by switdh.'522.- Switch 522 comprises 
; A/D register pair '59'5 tO'-whidh/ifhe.lniag4''daia:frbin A/D converter 520 are 
' output.- Iniage data frbm'^A/D'^reg^istfe^- =plaif ^ to VOB 306, and to 

■mpU register pair ' ^597.^ ^ On^^'a .re4d -signal (R^^ MPU 308, MPU 

■register pair -597 provide single 'byte' iMage' data to MPU 308. Image data 
from videdYegis^er pairs -592;593^(Se6 Figure 26) and from MPU register pair 
597 areiripOt- td MPU for •daH5rdtroh,S'difig?fo^tfc,'5^iaopurposes. 
- ^ - Particiila^^^^^ 

520 is enabled By-a' ^tart^' A7D-%bn^eKsi on', signal •(STCNN) responsive to 
establishment of theWD-time'baseXstADT^^ at the low speed 

-clock signal (20 MHz)' ideriVed frohi- output lead 409 of clock generator 400 
• (Figure.'lSb). ' Clock driving pulles- (A/D CLK). for lA/D converter 520 are 
similarly derived from the low speed clock signal .output of generator 400 in 
response to an A/D Mode input Signal- from MPU 308. 

Inasmuch as the^ operational speed- of A/D converter 520 is 
limited, only image pixels up to a predetermined makimum pixel rate (eg 25 
mmps) C3n teconverted by A/D converter 520. Where the input pixel rate is 
above the predetermined maximum rate, only selected pixels of each scan 
line may be converted. . . . , ; 

Referring , to Figure 30, MPU 308 controls ihe sequence of 
events in IIT 10 in accordance with a predetermined software program. MPU 
308 includes a suitable CPU chip 700 such as an Intel Model 8085 CPU chip 
manufactured and' sold by Intel Corporation; DMA controller 702, ROM 
memory 704, RAM- fnemory 706, and interrupt controUer 708. Crystal 
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oscDlator 710 provides clock signals for MPU 308 and for the Y scan servo 
loop speed reference (SPEED) of SEM 302. See Figure 18a. ^ Operating 
control software resides partially in ROM 704 with the remainder softloaded 

into RAM 706. . • 

. . MPU. '308 ^is. interfaced, with the various operating components 
that comprise IIT 10. via SEM n^odu^e 302, and with IPM module 304 via IPM 
interface .721 thrpvigh^8.;bit bidirectional data bus. 712, 16 bit address bus 714, 
etnci.con.trol bus 716*.,- Suitable bus drivers 717 , are provided. 

, , Interrupt, controller 708 serves to permit a routine in progress 
;ta.. be interrupted, .and to, pre^ the ,environ,ment of the interrupted 
routine .with return^ tp the .point of, interruption. Interrupt controller 708 
also permits -IIT 10.. to., be- coupled with other -apparatus (for example, data 
storage facilities, .copy .printer, etc.),- the interrupt serving to control a DMA 
chanjieV.:allpA^ffed,jf?r da^^^^ between UT 10 and 

. such otlyer .^^gpiaFatus, ,to^ verify .data received, and to .interrupt and perform 
-such da.t'a/.unl9,a;d.commajids, flags, etc. as may be required. 
. . A :Second,anterrupt .source,^ real ; time clock (RTC) , software 

.;;^mqduie J^lSjcW^^ counter 719 at each 

i;]teijr.ug_t,,^f^rj Gj^^B^^^ time, of an event by adding the count of 

fTGoyr^tjeSi 719.i,tq^^';jjserjspecified. value, cpmparing the RTC counter with a 
:oysqrjSp^cLf;ied 719- i ^-.i; .nJ:.; 

; - -^i' ^ ^r>i,-L ^tv:System: control over IIT .10 is exercised by a software scheduler 
. .^-having; 'procedures for: initializing, scheduling, -and- transmitting various 
r op.erational' tasks or. programs. Tasks which communicate with one another 
through/systpm control. tables are scheduled by calling a scheduler procedure 
and .identifying appropriately, the task to be scheduled. Dt 10 is controUed 
. by;rentering,,commands at the pperatpr's console i or panel 309, or by 
cpmn?ands from other associated units via a direct memory access (DMA) 
.. channel ..allocated Mtheref or. . Commands entered are interpreted and 

processed. . ' 

Operational control programs for IIT 10 include monitoring 
operator- panel 309, operating scanner section 12 and document handler 14, 
analyzing. , instructions received, calibration, and system initialization. 
Additional software- programs ^ have control procedures for individual 
/component, initialization and verjfication,4or loading and verifying halftone 
:screen RAM 741, for .shading, for MPU initialization and self test, and for 
bad pixel deletion. 
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Referring to Figure 25b, IPM interface 721 includes address 
decoder 724 for decoding address data input thereto through address bus 714, 
the output of decoder 724 being input,. to AND gates 726, 727, and 747, 
Control signals from „MPU control bus 716' are input to a second input of 
gates .726,727* The. output of gateS:^726,727, reg;ulate .'enablement of scale 
coefficient latch 731 arid ^ in ode .control latch, 732 respectively. When 
triggered, the signal output,, of, scale^ cqefficient latch 731 sets the 
programmable mult ipUer pf Binary Rate-^Multipliers (BRM's herein) 750,751 
; (Figure. 31) for. the image pixel, resolution and m.agnif jcatipn selected by the 
user. Mode control latch,732,^ when triggered, ^p^ the signal (AD mode) 

. identifying the operational mode.of llX lO. > , 

Referring particularly to F.igvre^^^ signal outputs 

. of scale co-efficient lafch 731 controls. the getting of BRM's 750,751 which in 
r turn.^ontrol both the. image, ^resplution,^^^^^^ th.e number of pixels in each line 
. and th- number of lines and,: ther^efor.e the Jm age size. BRM 750, which 
controls the number of pixels in ^^ch .scan :;|ne,^ thjs ? dimension) has a 
clock signal 2d from SEM 302 corresponding to the maximum pixel rate per 
line mput tjjer^to. . The.o^ 750 (XCLKM) is input to 

sampler 59,0. . . : . • - 

_ ' o ; >/ :.BRM.:751,. which qontr9ls the- n^ 

Y c^imension), has line clock; signals. (LIN^ the maximum 

number of lines to be scanned, input thereto.. The. signal output of BRM 751 
^ : .(GATEa LINE SYNC) is input to X-scan boundary control 753 (Figure 35). 

. , It will be understood .that BRM's 750,751 which may for 
example, comprise Texas. Instrument's model ,7497 BRM's each incorporate a 
, programmable multiplier enabling a selected output frequency, which is a 
factor of the input frequency, to be obtained, depending upon the control 
signal input. To provide the selected output frequency, BRM's 750,751 drop 
selective clock cycles from the input clock, frequency. 

To accomplish both X and Y dimension scaling, the nearest 
neighbor algorithm is appliecj. By applying an input CLK with frequency fl to 
a BRM, the output clock frequency fl^ is given by: " 

fts = 1^ where 0 A M Z.63 i.e. 6 bits binary coded decimal. 
If two devices are cascaded, the output frequency is then: 
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- > . ^ " 64 : ^ 4096 ' ' . . - 

To-realize the output clock frequency Bs, selected clock cycles 
of the input clo'ck fl are dropped in a manner identical to the nearest 
neighbor algorithm. Figure 34 illustrates an exemplary relationship between 
input and output clocks^ for' an Mj = 48 and 1^2 = 0. This results in an output 
clock frequency of fls '= 0.75(J."- 

' ^ ' '''Applying tWe'lihe 'sync clock* tb^ the' inpu't 'of BRM 751, the 

output clock (GATEb--LII^E* SYiNC)'will have selected'- cycles deleted. Gating 
tifie binary Vidfeo but-ptit iVith th therefore, remove selected lines 

according to the pro^am'med' mu^ and M2.'- In the example shown, 

every ' f ourth' ITnW Is del^te^;' ' ' ^ 

''^''•^ Applying" a' clock frequfehcy 'of '20 to the' X-'difnension BRM 750, 
the output Sl^oclctX&I:kMjl''wM^^'t^^^ from 28 for 

' bot^h X-dM^nsiAfi iri¥e?p8iSti6h''iLnd image scaling. In the example shown, 
^v^ry foartK*t>iM'is'^fet^^^ ' ' ^ . - ; 

• DX) Oc? -'yiSj^^^^^^^^^^i^^^ the' image signal and 

line sync signal formatting functions in the form 'of -differential pulse^code 
'modulator (DPCM) 754,' 'serial tb" parallel" binary video formatter 755; line 
' syfic sigTlai"'aLh<^ and-DPCM data- formatting arid 9- 

'Wife output intferfa . . ..^^ - 

* - ' ' DPCM'754 serves to compress the 6 bit digital data input from 
*A/D converter 520' to 4 bits' with subjectively inconspicuous error to provide 
a' bit' rat^^ that corresponds with the speed limits of typical data storage 
■devices'; In addition, formatting the data in '4 bit nibbles simplifies 
transmission" and further compression. The algorithm applied to accomplish 

DPCM is to compute a difference value d . 

. . . _ . _ n 

"'^ d X ' X , - e \ * ■ ' 

. n n , n-1 n-1 , 

where X^ = present video sample value; 

' Xj^_j = previous video sample value; 

e^_j = previous error in quantizing the value d^^.p and^ 

' e = q -d 
. , n ^n n . 

The difference value d^ is then quantized to a value q^ 
according to a preset mapping table. An exemplary mapping table is shown 
in Table I. Referring thereto, mapping is effected by mapping from the 
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value in the first column (Difference) to the corresponding value in the 
third column (Quantization). The quantized difference value q^^ is mapped to 
a A bit nibble using the corresponding 4 bit in 4th columnX4 bit code). As 
seen in Table I, the difference values :d^„ with magnitudes larger than 32 are 
coded to the same q^ values for. both positive and negative values of d^ to 
use. the 4 bit codes more -effteiently. bater decoding employs the equation 

' ' ; - j: , For the values-^.oC q^i larger in /magnitude than 32, adding the 

incorrect sign. q^ to X^^j will ^r^esult-eith^r in a negative or in a larger 

than scale (> 64) positive X^ which ^are. both, physjcally incorrect. In this 

case both the. positive and-negative valuesrofiq ^ are; added to X , and the 

^n n-l 

value of X^ that is positive and;:wi;thin^'the range'(64). is chosen as the output 
for. X^., Both encoding: -and /decoding- .algorithms.pres^^ initial zeros i.e^ 
X^^p:,:e^.^j .are initiaUy zero, for) encodings and, X^^j is zero for decoding 
resp.cQti vely.. The:follovying .exarnple LUlu$trates the 'algorithms. 
Assume input samples arje'X-r,=-^^10y .X, ^—^^^ - 
Epcoding:- =• 10-0 =- 10> q^ •= 1/1,1? jj; = J-Mq^ b PIQO ■ ^ . - t 
dj = 54-10-1 = 43 q2,=:47.ej Mj =fllia^...^ 
'io - . ;id2;=:12;,54r4 5 '4Sd^2:-'^'^- -1 Mg = UIO 

■ Decoding: iyiQ::=::010Q .q^ =41 Xq-'? ll.c+i.'Q,=;ll.ejf i no---; i:*> 

Xj = 58 (positiye<jS4^PC.j iij/lr-M;^ 
or.X^^ = -ll-j4T=,:736;r, ..^t - ' 
: . M2Tm0 q2 = +47/X2 = 58 +,47 =105x L ; 

- (105 is>64) or Xg = 58-47'=^U. ^ ^ 

' • Thresholder' 514, in LINE- or PIGTORIAL INPUT MODES 
provides 1 bit/pixel output; This data is formatted to 4 bit nibbles by 
formatter 755 which may comprise plural serial-to-parallel registers. Pixel 
clock 6 is input to formatter 755 ' and similarly divided by 4. Both the 
formatted image and clock-signals are output to interface 756. 

Line Sync Signal and X-Scan Boundary Control 753 serves to 
delay the line sync signal 757 input to control 753 to provide a Delayed Line 
Sync Signal 758 delayed by a period equal to all the delays "encountered in 
the video path i.e., from filtering, sampling, thresholding DPCM, etc. in 
each mode of operation. The delayed line sync signal 758, which 
synchronizes the output with valid data, is also used to determine the scan 
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boundary in the -X-dimension. This is accomplished by dropping the line sync 
signal 758 to logic zero at the actual end of a scan line. Scan boundary in 
the Y-dimension is determined by SEM 302 and^the output. 

Additionally, control 753 generates a switching signal 759 that 
divides the scan line output of:DPCM;754 into two parts. -This last function 
is appUed onlyin- the PlGTORIAL^ENHANCEMENT MODE.. 

For this purpose, each line of DPCM data (a scan line) is 
formatted into two'jequQl pfirtsiising firsfin-first out (FIFO) buffer 760 and 
switch 76L The '-'first 'half *ljne is made equal to one -half the scan line (in 
number idr pixels)^ -after Which' the line sync signal is dropped to logic 0 for a 
period -of tirrt'e'e<jual tb'a few pix'els. The- line sync signal is then raised back 
to logic, r iridicatihg.' the'* st^^^ bf'the^ next' half line. On dropping of the line 
sync signM'^tb'^logiciOi" the^'^out^^ is. coupled to buffer 760 by 

switch 76lV -Buff 6r>760 <5eliays*^ttle rmage data comprising the one half line by 
a -period 'ekfueai 'td^^'thfe^^p^ the line ^ sync signal dropped to 

logic- ze^o,^ k^>oiSing ^y^^'iossr,©?" image' data. By^dividirig. the scan line into 
two equal ''f>&rts,.;-^the"ijumber; of within the limit 

acceptable £6 t'he cSutput. fP ' ~ 01 .* - /- 

■ '-^ ~ v- ^' T^Tr ^exarhg|Ie,^if th^'mibcimum-number of pixels/line is 3440, X- 
dimension inter^dl^'tiori- Byfyihterpolatbr 510 or 512' doubles the number of 
pixels to esSO^-pixfe&syK-nei 'JTheP^ is binary video (i.e., 1 

bit/pixel) totaling esSO^t^itsAineV^ : ' r 

In the PIGTORIAL" ENHANCEMENT mode, which uses DPCM 
754, the 'humber of pixels output is equals to the number of pixels scanned, 
i.e., 3440 per. line. Since DPCM 754. provides 4 bits/pixel, the number of 
■ bits/scan] line output by the DPCM is 13760 bits/line, which is double the 
number ^ for jthe other operational modes. By dividing the scan line into two 
mparts, in this, mode. (PICTORIAL ENHANCEMENT. MODE) each line part 
.contains the same number of bits, as a scan line in the other modes (LINE 
INPUT and PICTORIAL INPUT. MODES). 
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TABLE I 
DPCM LOOK-UP (6-4 bits) 

Difference , No. In. Quantization 4 Bit Code (M ) 

(V Group (g^) 

+63 • ■ . • . , . 



+58 11 ' +58 1111 

+47 ' n -' "-^ ' 4-47 mo 



+37 ' 9' ■ * " +37 ' ' • om 



+28 ' ■ 9/" -'■■ ' "■■+28 ■ ■ 0110 

+19 9 +19 0101 



, +U. • ' . ; 7 ' ■^ +11'- ' • • '-' 0100 

■ . ■ . ■; V' .-:..- .;-m; --v 'oo ij i'j 3 .roq-;o i:- . .:.ri 

' " • . Jj-'.'.r.;'; Si(/loi.'is •.■o"i 

+5 , 5 - +5 OOU 

■■ ' ■ ■ -• ' ' - "' -:■.■■':■.: .•« -.ivo-.i . -ij'; ..;."!»! in '3 .'t; ■;>■: t c •,-.»?• 

+ 2 1 " ■ ; + 1 z ". 0010 

. + 1 , 1 +1 ■ ' ' " ' ' 0001 

. - :1 . .. .0 0000 . 

. .r .1 ..... , . , ;. , ^1 . - 1^ , _ 1000 



-11 7 . lOU 

-19 ,9 -19 UOO 



-28 9 -28 1101 

-37 9 -37 V - om 

-47 . . 11 -47 uio 

-58 11 -58 im 
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Where the image signals output by IIT 10 exceeds the capability 
of the output device (as for example a storage disk) to assimilate the image 
signals, a suitable overload signal (not shown) indicating overload of . the 
output device input sets UT 10 into DEFAULT MODE. In this mode, a 
control signal from MPU 308 returns scan carriage 32 to home position to 
initiate a new scan at relatively slower speed. , In the exemplary 
arrangement shown, scan carriage 32 is operated at a speed ofSDrmpsin the 
DEFAULT MODE with arrays 40,41 operated at25mmps. Effectively, this 
results in arrays 40,41 scanning every other line to provide an output image 
resolution of 9 lines per mm by 9 pixels per mm. 

CONTROLS 

Control over scanning operation of IIT 10 aind document handler 
14 is exercised by MPU 308 in accordance with instructions from the user or 
operator through control panel 309. Referring to Figure 18a, document 
handler 14 incorporates a cover interlock switch 780 for generating a 
document handler enabling signal^ when cover 24 thereof is closed. Where 
documents are to be manually fed, cover 24 of document handler 14 is raised 
(as shown in Figure U) opening interlock switch 780 and disabling document 
handler 14. 

One or more document presence switches 782 are disposed 
adjacent document feed slot 210 and document handler 14 to detect insertion 
of a document to be fed therein. As described heretofore, documents to be 
fed are manually inserted into slot 210 following which document handler 14 
advances the document into registered position on platen 28. In addition, 
one or more document jam switches (not shown) may be disposed at 
convenient places along the document path. 

Operating control data from MPU 308 are distributed to motor 
290, solenoids 225,250, and clutch 291 of document handler 14, and to 
exposure lamp 65 of IIT 10 through buffer 784. Buffer 784 is loaded with 
control data from MPU 308 through data bus 712 such that when a document 
has been inserted into feed slot 210 of document handler 14, solenoid 225 is 
actuated to drop fingers 216, start motor 290 and engage clutch 291. "Motor 
290 drives rollers 201, 202 and feed belt 230 to advance the document into 
registered position on platen 28. Following registration of the document, 
scan motor 39 is energized to move scan carriage 32 and scan the document. 
On completion of the scanning cycle, a signal from MPU 308 actuates 
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solenoid 260 to drop registration gate. 29, start motor 290 and engage clutc 
291 to operate feed belt 230 and exit rollers 265,266 to re-move the documer 
from platen 28 and into output tray 267. . . 

: , Referring particularly to. Figures 18a and 36, an encoder 786 i 
provided on the output .shaft; of -scan carriage motor 39. Encoder 78 
generates^quadrature,. i:.e> 90*,.vout. pf. phase signals in lead 787 reflectin 
rotation of . motor 39 in either , a fqrvyard .or: reverse direction. Directio 
detector 788 uses; the 90* ..phasei' relationship of;, the input signals fror 
encoder 786 to determine the direction of .rotati6n"of motor 39 and henc 
the c direction of; mdveirient. of, carriage 32, detector 788 providing eithe 
forward (FOR) or ; reverse j(R-^V); eontirol pulses to forward (SCAN) an 
: reverse (RETURN) position cpunteris.- 8 06,808.=- respectively. Forward (FOE 
..and; reverse; (REV) , position cpunters, 806^808;. .count down from a hom 
. position in preset , increments:;(eg 3.?i c C Vcpunts =^per mm of travel of sea- 
carriage 32) from a. maximum ^cpunt;, (counters, 806,808 being set to th 
maximum count at the cardagft.home.i ppsitipn, . fTp determine carriage hom 
.position^; motor . -3.9 is energizjed.. ini.:th&i i-e.ver.se: .(REV) direction to mov. 
.carriage -32 backwards., untiiah carriage bumper (no 

shown), Counters.806i8p8- aFer<then ,zerped,;a^^ to the predetermine 
maximum count. As wiU be understood, the . count on counters 806,80? 
.reflfects the ppsition of carriage 32-which may be determined at any poin 
during scan, by subtracting the,cpunt,pn fpr{ward..counter 806 from the couii 
on reverse counter 808. , ,^ - ; .■ :t 

Programmable frequency generatorrTgO generates a frequency 
signal (REF) which , is input via lead 791:. and multiplexer 793 to phas. 
detector 792 of phase lock loop 795 ; for phase, locked motor operation 
Multiplexer 793 is controlled by signals (DIRECTION) from MPU 308 
multiplexer 793, during scan, coupUng the forward (FOR) control pulses o 
direction detector 788 together with the forward, reference signal (REF) t( 
phase, detector 792, and during carriage return, coupling the reverse (REV 
control pulses of detectpr 788 together with the reverse reference signa 
(REF) to phase detector, 788.. As, wiU appear, phase detector 792 compare; 
the frequencies of forward (FOR) and reverse (REV) control pulses with th( 
reference signal (REF) input by frequency generator 790. The frequency o. 
the reference signal (REF) output by. generator 79fl is set by control signal 
from MPU 308 in response to the operational mode selected by the user 
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Generator 790 also serves as a variable duty cycle generator for open loop 
driver 794 (Figure 18a); 

Control over scan carriage motor 39 is exercised through phase 
locked loop secti6rl.795, the output of phase detector'792 thereof being input 
to adder 797 which" s6ms the outputs of phase detector 792 in accordance 
with a predeterrnined fbrmiila. .The signal oiitpiit of adder 797 is input via^ 
loop filter 796 to^pow.er^ amplifier 798 controlling po?wer input to motor 39. 
Loop filter 796 comprises "a Ibw^pass a^ predetermined gain 

(i.'e, 2l5), fil'ter 796--beini'-ti^^^^ 100 cycles to fUter out 

-transients.--' ' • • "t"-: v • - • '* 

' ; . ,-1 , vInuToperfition,. a-- signal (DIRECTION) from MPU . JOB sets 
multiplexef-7&3 iYi eid^ibfdance with the -direction in -which scan carriage 32 is 
to move^^^;e.^^in':the^f6^ward^^C^^ 'direction/^MPIJ- 308 loads a succession 
of- different^ f^jfeejifency s^lectingv signals; into frequency generator 790. 
Genera tor-' '-7 90 rKpiJi^S^fey ' output tinged phase co^m 792 reference 

signals '(REP) tatti^fh^ f^e<jUencies selected.- For staf-tup purposes, the first 
reference- '$ig$i8fl"^'flreqWn<5y» is : relativel^^ :1kHz) with subsequent 

-^refereFtc^plsigrfais^'feei in-'fre^ue'ncy. As the speed of 

scan^'carriiag4''32%p¥>i^©a^*i the frequency steps 

^af^^redueed^ f^ofrt^ r^^ steps to relatively small (fine) 

•r:steps^vr ;--.>:c. :&r>rui ^"1 I-:"' " 

:.r» sc< vnr:: ■ . i;p.haSe detector 792' compares' the'- frequency of the reference 

' signal"(R^EF) from frequency generator 790 with the frequency of the signal 
representing the speed at which scan carriage- 32 moves as determined by 

* shaft^ encoder 786.^ • V/here- a difference exists, an error signal is generated. 
The error signal. is input through filter/amplifier 795 to power amplifier 798 
to- energize carriage drive motor 39. Motor 39 accelerates carriage 32 in 
the 'desired^ direction/ The increase in the speed of carriage 32 in turn 
increases the frequency of the signal output' by shaft encoder 786 until the 
frequency of the reference signal (REF) and the frequency of the signal from 
^shaft^'encoder 786 match, at which point the error signal output' by phase 
comparator '7 9 2 falls to'zero, interrupting power to motor 39. 
• The above procedure is repeated periodically (i.e. in intervals 

i of -0.001 seconds) uhtil scan carriage 32' reaches the desired operating* speed. 

Thus, as scan carriage 32 • accelerates,. MPU 308' periodically steps up the 
• frequency of the signal- output ^ by. -^generator 790. Phase lock loop 795 
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responds to ener^ze carriage drive motor 39 and accelerate carriage 
until the carriage has been, stepped through the ^eed plateaux represen 
by each successive reference signal to the final predetermined carri 
speed. • . • . •' , 

It wiU be understood that the final carriage speed in the s- 
direction is dependent upon operating' mode' selected as descril 
hereto^rp. The retbrn (kETUR^^^^ scan carriage 32 is the same 

aU operating modes. ' ~ •• ' ' ' = ' 

;., '^^^^..^.°^",°^r^,^s'e ?2 at desired operating speed, and 
frequency of the reference signal ou^^^ by frequency generator 
constant, phase lock loop 795' serves' to mkintal'n carriage 32 at the.desii 
operating speed. Should sckn^ carriage .32^ ^ow, phase detector 792 dete 
the in frequen^^^ of shaft encoder 786 i 

the reference sigTiai output bl gener an error sir, 

■ ' ■ ■. '■' ' '"■ ■"'! i'.'.-.' U .■■^Ut,'..-i Tf -'i "• , ; ■•' I, I =■ 

AnproT^intT mi-it/-ii« ........ 



■ .- i . ... ?f 7f^Se .32 approaclies the End of Scan (EOS), a sig; 

f ^^^ '^^^^^^y¥^^^$^ out 'f liter/amplifier 796 there 

-^^^^^i^^'-^. ^^^f\r^^'-^jt°-n. '^^^^''.^^1^}% zero,, power to carriage motor 
is interrupted, stopping scan "carriage 32. ' 

. i . i-^^ r^°!^R^F?}°^. 7,9^ .f^,?y- comprise a Motorola MC 40 

T.^^^^/^'',^^"®"°yi9°"^P.^r?^^ proportional to t 

phase or frequency difference between We^encocler 'signal and the reiferer 
signal (R^F) inpuf by ^geperator T^a'w^ 787 may comprise 

Model 992-500 OCLP man^factiired by 'Dfec'lnstoiroCTts. Counters 806,8 
may comprise Intel 8253 16 bit down counters while adder 797 may compr; 
a 741 Differential Amplifier. Programmable frequency generator 7 
preferably consists of a crystal clock ^d programmable counters. 

When it is desired to operate scan motor 39 in an open Ic 
fashion as. for example during calibration/ a signal in lead 801 activates 
multiplexer 800 to switch from the output 6f phase lock loop section 795 
the output of open loop driver 794. The speed and direction of movement 
controUed by a signal froni MPU 308 via lead 803. ' forward and rever 
counters 806,808 permit MPU to monitor the position of scan carriage 32 
described earlier* 
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■ Referring to Figure '2, a reOective calibration strip 900 of 
• predetermined reflectivity is mounted, on platen 28 on the underside thereof 
aling the platen leading edge. Disposition of calibration strip 900 on the 
underside of platen, 28 provides a defocused im'age tor arrays 40,41 and 
' ..reduces interference of dust," dirt, scratches and other defects that may 
occur on the video'c^i.ibr^i\oji .signal genesrated^/by arrays 40,4L Preferably 
the reflectivity of strip 900 is chosen to provide an optical signal equivalent 
to a 50 percent reflective document placed on platen 28. 
• " " - " "" The video calibration signals obtained fro.m reading calibration 
strip 900 ] iiiay '^be"" t^wi^^/rom' ' either ' Video output registers 593 of 
•" screen/ threshold sec Uot (Figure' 26) when calibra^ting OT 10 for LINE 
INPUt and ' Pibf 6rXal'" INPUt' MODES,, or from video output registers 596 
of AD' secti^ 'soe' (Fiiijre 28) ' vy^^^^^^ HT 10 for PICTORIAL 

'ENHANCEMENT 'MoISb.'*'' It wiU be understood that the particular MODE 
calibrated is dependent, upoR the MODE selected by the operator. The video 
""' calibration signal^^^ for processing.. 

' ' ^ " ' ■ ■ Adclitipnaliy, calibration vide^ whiq.h. may be either fixed level 
' vi^eb'fronf MHJ W or^^^ ^f°(" "^^^ ^OS, may be 

introduced into nf\lo"toje^^^^ IPM 504. Referring particularly 

tq'¥ig^re M/selector switche^^OO^^ by the user or operator to 

' "c;ouple\kher ;iw^ circuit 501 of IPM 

^ ^ ipVi'We c^^ °'" 
" VOB 3.06 is passed through digitdl-to-analog (D/A) cdnyerter 503 to convert 

the video signals from digital to analog. , ; , 

- ■ ' • order to correlate the image output levels of arrays 40,41 

' with one Inother^ automatic'gain control (AGO is provided. The amount of 
' gain required is determVnec? by' comparing the voltage output of arrays 40,41 
when reading calibration strip 9 00 with a desired level or threshold value. 

At startup before scan is initiated, sca.n carriage 32 is brought 
' to the. position where arrays 40,41 are disposed, beloW calibration str^ 900. 
• Movement of carriage 32, into position where arrays 40,41 are opposite strip 
900 is effected by the operator through suitable carriage forward (FOR) and 
reverse (REV) controls (not shown) on operator control panel 309 or 
automatically under program control. MPU 308 responds to produce the 
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appropriate carriage forward or reverse signal (DIRECTION) to open lo 
driver 794 (Figure 18b) to energize scan carriage drive' motor 39 and mo 
carriage 2t2 in the direction desired. . 

With arrays 40,41..disposed below calibration strip 900, str 
900^ is scanned a. plurality of , timers in each operational mode. As will 1 
; understood from. the . preyious^. description, the video signals generated '' 
arrays 40,41 pass through .amplifiers 3,41 in , signal 340,341 
crossQV.er switch 350 :Of SB, 300 /Figures 17a, 17b). From SB 300, the vid 
signals .pass to IPM, 304. and either A/D„ conversion section 506 and A; 
registers 596 XFigure. 28), or , to high .spe^d. interpola or low spe 

; interpolator 512 (Figure 20) and output registers 593 (Figure 26) depending 
,.the-^ operational, mode ^se^^^ 596,593, the image signi 

. piay bie input tp. M 308 .in . jeSE>onse .to register read signals RDDR 

.RDVR. . - r - ' 

,^ - The data, dedvjd J^mr^^ 
.-to obtain I the optimum gain j^alue f array for^ each operational mo 

in. accprdanc.e with^a suitable^program.^ .In a preferred program, the outp 
of p/A, converters 912, 9li^-(Eig^^^ ,to amplifiers 341 of signal channf 
340,341 is . initially ^stepped .^ip in relatively large increments (i.e» in blocks 
13) < untU the. ..desired signal ^ output gain i^ Normally hbwev* 

.because of^the coarse, nature of .the steps,. Vhe.^s^^ output of the amplifi 
.912 or .913. associated with the array .40^. or 41 w^ gain is being set, v 
exceed, the signal output gain desired. .The . converter 912 or 913 is th 
stepped down in smaller increments (ue. in blocks of 4) until the sigi 
output gain equals or re-crosses Ihe signal output level desired. T 
aforedescribed process continues with smaller and smaller increments ur 
the signal output gain of the amplifier 912 or 913 for each array 40 or 
equals, the signal output gain desired. 

^ .The above process is parried out. for each array 40,41 for e£ 

operational mode and the gain, settings derived stored "in RAM 706 (Fig* 
30) for use during subsequent scanning operations. 

; \ . a * preferred arrangement, the gaih" is determined 
monitoring the signal output of . the last four photosensitive elements bef« 
crossover of array 40^ and: the , first four photosensitive elements af 
crossover pf array 4L, . It .will,, however, , be understood that ot 
photosensitive elements or other groups of photosensitive elements r 
instead be used for this purpose. 
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Referring to Figure 18b, AGC pulse generator 416 is driven by 
the clock pulse output" of pixel counter 406/ As described, counter 406 
provides clock pulses'for clocking out image pixels from arrays 40, 4t MPU 
308 generates at the desired pixel count, an enabling signal activating pulse 
generator 416. The signal output pulses of generator 416 (RDVR; RDDR) 
enables video output rejgister-s 593 (Figure 26) or 596 (Figure 28) respectively 
to input image' data'' frcyrh' r^gist^r or 596 to MPU '308, depending upon 

the operational mode 'Selected.' ^ ' " 

' * In^^Qie^ fexam'plV aj^ 17), where 

crd^sdv^r from array'40 to irvay 41 takes place at pixel bount 1724, MPU 308 
actuates ^y^GC^^'piilsb' gener'atof 416 ' at" pixel count 1720 through 1728^ to 
transfer imag^-pixeiS'from''t^^ photbsensitive elements of array 40 

Tojgether with^the'^irst fdur pKbtosensitive elements of array 41 to MPU 308. 

' * 'MPU S'OS^av^ra^^ the block of image pixels from each array 
and compares the averaged signals with a predetermined signal or threshold 
leveL ' A gain "^igriSf* rfepr^^^is'n ting ^^"^^ between the calibration 

irnage pixels ^d lhVpr%yet'efmihed^^^^ is" produced for each array.- 

Referrmg "to'Pi^ S2[^Xhe gAiri sign'al- frbm MPU 308 is input 
^ to TD/X 'convert gi2',if¥3^Vo^^^^avV^s '40-41 ^ D/A converters 

"'912,913 eoihVert' t'ni^di^^ 308 to an analog signal 

whicK is' input vtEP leads'915^^1iffi respe^clivelv to amplifiers 341 of the signal 
proH2es'sih'g channel therewith' (Figure 17b). The gain 

signal serves'to" regulate the amplitude ratio or gain^of amplifiers 341 to 
provide a iihiform imatge signal level from each array,' 

On each scan, arrays 40,41 scan across calibration strip 900 to 
provide upc36'ted'gain control ihfofmation to* MPU 308 prior to scanning the 
docurhent 8 on 'platen 28. The updated calibration signals generated by the 
last four' photosensitive elements of array 40 and the first four photo- 
sensitive elements' of ar^ray 41 are input to MPU 308 where, as described, the 
calibration 'signals from each array are averaged to provide an updated gain 
signal for each array 40,41.' The updated gain signals are input to RAM 706 
to update the existing gain signals stored therein. 

Because scan carriage '32 is' moving relative to calibration strip 
900 when "updating of the gain control signals is taking place, the interval 
within which corrections in gain level can be m'ade is' limited. This in turn 
restricts the number of adjustments in gain' level that can be made per 



-35- 



0027372 



array. In the exemplary arrangement shown, the interval is such that only 
changes in gain setting of one step can be made. However, as long as any 
drift or change in array performance is relatively minor, the' af oredescribed 
updating will maintain the desired array operating level. If a substantial 
change in array performance, takes place, several scans may be required 
before the desired gain level is restored. 

The image data obtained from scanning calibration strip gOOare 
also employed to compensate the video image, output signals of arrays 40,41 
for illumination system profile irregularities such; as may be caused by 
cosine 4th law, profile of scanning laiyip, 6 5,-^ vignetting, etc. * Referring 
particularly. . to Figure .33, the^aforesaid, compensaU termed Shading 
herein, takes image pixels procluced .b^^ calibration strip 900 from 

A/D video register 595 in blocks of. predetermined size (i.e. 16) and inputs 
the pixels to adder/divider circuit 925 which provides an average pixel value 
representative of the pixel, block. The^ayeraged pixels or shading signals are 
stored in Shading RAM 926 for later use on a write signal from MPU 308. 

During operation, the, contents, of Shading RAM 926 are 

cyclically addressed by address counter 421,. which is enabled at the start of 

^- I~^:;r^ ^^^tiH^i Oi;::':- rtiii-.i : 

scan (START LINE) to secjueritially a,ddress the shading signals held therein. 

Counter 421 is driven in synchronism with the stream of image pixels by 

pixel clock f). A read signal (READ) from MPU 308 enables RAM 926 for this 

purpose, . .. ; 

The shading signals from shading RAM 926 are input to D/A 
converter 928 (Figure 24) which converts the digital shading signals to 
analog signals, Thie output of D/A converter 928 is input via lead 929 to D/A 
converter 517 of thresholder 514 (shown in Figure 24) where the shading 
signals are, in effect, multiplied by the analog threshold/screen signals 
output by converter 517, and via lead 930 to A/D converter 520 (shown in 
Figure 27) of A/D section 506 where the shading signals are, in effect, 
multiplied by the input image signals. 

'To accommodate differences between A/D converter 520 
and thresholder 514, a proportionality constant is introduced in the shading 
signals output by D/A converter 928. For this purpose, attenuating circuits 
i940,941, which comprise suitable resistor networks are disposed in leads 
930,929 respectively. Attenuating circuits '940,941 serve to multiply the 
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shading signal olitput by D/A converter 928 by a preselected proportionality 
constant* 

Where desired, i.ie. for test purposes, a source 931 of digital 
shading signals may be provided with manually controlled selector switch 
932 for selectively coupling shading signal source 93l with D/A converter 
928. ' 

" As can be understood, certain photosensitive elements 312 in 
the rhtdtitude of photosensitive elements that comprise arrays 40,41 may be 
or become iKoperable or below par". In this situation,' the image signal output 
by the affected pho'tosensitive element or elements may be faulty, or have 
sensitivity " chiaracteristics significantly different from the image signals 
output by neighboring jphotoWnsitive e^^^^ To identify and accomodate 

bad * 6r "faulty phofosensitive ' elements,' 'a bVd pixel deletion control is 
provide'd:"- X's 'des'cn^ 18b) supplies a control signal 

(SAMPLE)' -to arid'^hbld circuit 339 on 300^ ^ Referring to Figure 

ITbj in'hbrfhaT opera^tidn, one' sample sign^ is generated for each video 
"image' agn^''an^ #iggets sample and' hold circuit 339 which samples and 
holds the video image signal input thereto for a ^ preset time interval in 

dutput lead SlO. Cap^cTtor 34'5V^which is coupled to output lead 340, charges 

:VT :i/'\:r: -r[j u\v^ n'l^fr^oirfc:;. :'\ i": ... v.. ' 

each time to a voltage level corresponding to that of a sampled video image 

signaL 

The bad pixel deletion control interrupts input of the control 
signal (SAMPLE) to sample and hold circuit 339 to prevent circuit 339 from 
sanipUng the next video Image signaL . In this condition, the previous video 
image signal output by sample and hold circuit 339, which is held on 
capacitdr 345, forms the video image^signal output to differential amplifier 

"34L ' "\ ^ ■* ^ ' " - ' ' 

. , To identify bad or faulty elements, calibrating strip 900 is 

scanned in each 'of the LINE INPUT, . PICTORIAL INPUT, and PICTORIAL 
ENHANCEMENT MODES, and the image data output to MPU 308^ MPU 308 
compares the image signal output of each photosensitive element of arrays 
40,41 with a predetermined minimum voltage level or threshold. Where the 
image signal is above the minimum threshold value, and hence acceptable, a 
binary signal, (i.e. 1) is loaded into b^ad .pixel RAM 420 (Figure 18b) by MPU 
308, Where the image signal is below the minimum threshold value and 
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hence unaccep table, a binary signal (i.e. 0) is loaded into RAM 420. In the 
calibration. mode, MPU 308 generates a write (WRITE) signal enabling data 
to be loaded into RAM 420. . 

During scanning operation," a read signal (READ) from MPU 
308 enables reading of the data; stored, in RAM 420. Address counter 421 
whiqh is driven by pixel clock signals- from pixel counter 406 and is reset at 
the^ start of scan of each^ line- by a signal (START* LINE) from MPU 308, 
sequentially addresses RAM.420 :ahd the Control data therein. The output of 
RAM 420 ;is input. through lead 422 to'iAND gate 423. A sample signal is 
periodicaUy generated by :everit tiimer'410^ and input to gate 423 through lead 
: .424. The output of gate^423 (SAMPLE) is input to sample and hold circuit 
339 througlv lea<3 425; - - ^' ' ^ 

:J [f ; . Where the sign'^l inp^^^^^ 420 is high (i.e 1), 

> AND gate 423 'is enabled^ and* -dn* a pixel clock signal ft, gate 423 is triggered 
to generate a sample (SAIVfPLEf'sig^ l^ad 425 to SB 300. As described, 
the sample (SAM PLEf^ signal Iri^^^^ to sample the next 

- video image -signal:^ ' ' ^ '^'-' -^ . 

' - ^'--'^■1 Where the -'signal in 420 is low (Le. 0) 

^ indicating a "blad" ^jhoio^en^itive element, gate 423 remains in a blocking 
'condition to pre^en^^ a 'sample "(SAMPLE^^ As a result/the 

previous image signal, which is retained by capacitor 345, is output. 
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CLAIMS ; 

L • Apparatus for compensating a raster scanner for 
component deficiencies, the scanner having a platen (28) for supporting 
image bearing originals for scanning, at least one array (40) for line scanning 
an original (8) oh said-*platen^ comprised of a* plurality of photosensors and 
producing analog imag^^ signals representative 6f thd * image area scanned, 
and analog-tordigital' converting means (520) for * converting said analog 
image signals lotdigital; image: signals^. characterized hy: ' 

: ^ / a) : ,a fcalibration image (900),- scanning of said calibration 
image, by .sai^drarrayr.producing^analogc 

: ...r: : r b)j'-:r/:m.eanS;.for feeding said analog calibration signals" to said 
anal og-to-digital' converting means;, said^analog-to-digital converting means 
convertinjg^s^d ajifl^ digital calibration signals; 

\ : Aooio^\\q S^Pft^.:(925),ior averaging groups of, said 
tipn signa^^ ??^^::?|;?;^^.^,.F^'?VPS:C^ digital calibratiOTi signals from a 

.preset number. of, sf id, 9irray ph . 

d) digitai-to-analog^9pny.ersion means (928) for converting 
-the aye^^,e<3,c^br;a,ti.onjS^^ analog signals; and 

KSr : j:::?;r- /:^ ^ovxP^"^^ compensating.^ the 

.im^e sigTi^ p^roduc^ t^jr said„^ray with said averaged calibration signals. 

2. The apparatus according to claim 1^ characterized by 
memory means (926) for storing said averaged calibration signals for use in 
compensating image signals produced by said array; and 

address means (421) for addressing said memory means during 
scanning to provide said averaged calibration signals for compensating said 
image signals, 

3. The apparatus according to claim 1 or 2 characterised in that said 
compensating means includes means to input said averaged calibration 
signals to said analog-to-digital conversion means'.(520) during scanning of 
original images, said averaged calibration signals biasing said analog-ta- 
digital conversion means to modify image signals input to said analog-to- 
digital conversion means from said array. 
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4. The apparatus' according to claim 1, characterized by 
thresholder means (514) for processing said analog image signals produced by 
said array to 'provide binary image signals, 

" - selector means (504) for routing said analog image signals 

produced by said array to said 'analog-to^igital conversion means to provide 
digital imap signals and 'to sriid thresholder means to provide binary image 
sigTials selectively, arid' ' ^ • ' '''' ~ " ■ ' * ' ' 

means (929, 930) for inputting said averaged calibration signals 
to said analog-to-digital conversion means and said thresholder means to 
'modify image signals-input to said analbg-to^igital conversion means and to 
said thresholder mearis; ' - Z--'-^ 

5. The apparatus accordng to claim ^ characterised in that said 
thresholder means includes *a screen (741) for screening said image signals 

■^ahd a " toesholder (7-46) '^^ f br thr^^^^ said image signals, and second 

selector means (745) td^r6ute--saia~'i one of said screen and 

thresholder selectively. 

6. the appdratus'ScBbrdiHg'to claim 4 or 5 charaterised in thatsaid 
thresholder 'means includes''a¥econd digital-to^an^og conversion means (517) 
for converting digital threshold signals to analog threshold signals, said 
averaged calibration signals being input (929) to said second analog-to- 
digital conversion means to bias said sebohd' iknalog-to-digital conversion 
means and modify the threshold lev^l output of said second analog-to-<3igital 
conversion means; and - 

proportionality means (940, 941) for correlating the average 
calibration signals input to the first and second analog-to-digital conversion 
means with the operating characteristics of said-first and second analog-to- 
digital conversion means, ' 

7. The apparatus according to any preceding daim, characterised 

in that said calibration image is out of focus relative to said array whereby 
to reduce uniformity problems. 
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8, The apparatus according to any preceding claim, character- 
ised in that said calibration image is disposed on the underside of said platen. 

9,, Jhe 'apparatus according to any precedng claim characterised by: 
readout means .(339) for reading out image signals from said 

array in succe^sipn tp an output line^ and , . .. 

; .coatrol means . (423) for. causing said readout means to skip 

readout of faulty viewing elements in said array, 

10. ; T^^^raster- scanner according to claim 9, characterised in that saio 
control ^meansjncludes means- (345) to substitute the image signal from an 
adjoining viewing element foe, any viewing element skipped by said readout 
means. 

' {jh"-') The, apparatus according to claim 9 or ID, characterised by: 

; ^ ■ l:. h^offP'^li^i signal iStorage mejans .for temporarily holding previous 
^ im-age ^^igj^^^. f Qr;rSubstitute,usei \ . . . • 

12. A method of compensating a raster scanner for com- 
pon^Ij jdjef.i^?aencl^.^9;^r|si3^i^^^ variations in light to which individual 
|ira|tg^„s^ijspr^ ^qf.a.s^^ characterized by. the steps 

. : , a>) producing a separate test signal from each sensor in 

^ said array by scanning a test image of predetermined optical density; 
^ . J ' ■ ^\ segregating said sensors into groups each comprised of a 
preset number of sensors; . . 

c) -averaging the test signals from each of the sensors in 
said sensor groups to provide composite compensating signals for each of 
said sensor. groups; 

d) storing said compensating signals; and 

e) correcting the signal ouptut of each sensor with the 
stored compensating signal for the sensor group within which said- sensor is 
included. 



13. The method acoarcfing to claim 12 characterised hy the steps of : 
a) processing image signals output by said sensors when 

scanning original images to provide multi-bit digital signals representative 
of the image gray level in a first operating mode; 

- ' b) processing " image signals output bv said sensors when 
scanning original images to provicJe single bit binary level signals represen^n- 
, tive of the image in a second operating mode; and 

c) processing said, test signals from said sensors in said 
first operating mode- 

14. The method according to dairn 'lj characterised by the step of 
correcting the image signal ^output of ' ?aiii sensors in both said first and 
second operating modes with. said3om signals. 

15. . The metKod^ac^^^ claims 12-14, characterised 
by the step of .defoqusin^ sai^^^^ ^. t * 
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